WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
BOID 39«0, C02F 1/28 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/32212 

1 July 1999 (0K07.99) 



(21) International Application Number: PCT/US98/251 17 

(22) International FiUng Date: 1 December 1998 (01.12.98) 



(30) Priority Data: 
60/068,124 



1 9 December 1 997 ( 1 9. 1 2.97) US 



(71) AppUcant: CORNING INCORPORATED [US/US]; 1 River- 

front Plaza. Coming, NY 14831 (US). 

(72) Inventors: CUTLER, Willard, A.; 130 Park Terrace, Horse- 

heads, NY 14845 (US). GADKAREE, Kishor, P,; 15 Or- 
chard Drive, Big Flats, NY 14814 (US). TAO, Tinghong; 
165 Davenport Road, Big Flats, NY 14814 (US). 

(74) Agent: VAN DER STERRE, Kees; Coming Incorporated, 
Patent Dept., SP FR 02-12, Coming, NY 14831 (US). 



(81) Designated States: BR, CN, ID, JP, KP. MX, European patent 
(AT, BE, CH. CY, DE, DK, ES, FI, FR, GB. GR, IE, IT, 
LU, MC. NL, PT, SE). 



Published 

With international search report. 



(54) Title: WATER FILTRATION METHOD AND APPARATUS 
(57) Abstract 



A cyst reduction water filter and a method and 
carafe system (20) for using it, wherein the filter incor- 
porates a cellular ceramic honeycomb filter element 
(10) of a selectively plugged channel configuration 
wherein all water filtration paths (12) traverse porous 
channel walls (18), the walls exhibiting open porosity 
characterized by a median pore diameter in the range 
of about 2-8 micrometers and witti pores over 10 mi- 
crons in diameter comprising not more than 10 % of 
the open pore volume, and wherein the filter element 
has a prinned water flux of at least 0.3 ml/min/cm^ 
under a water pressure of 0.3 psig. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesodu) 


SI 


Slovenia 


AM 


Annenia 


n 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azeitaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BB 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


luly 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


K£ 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


cote d*Ivoire 


KP 


Democratic People's 


NZ 


New Zealand 






CW 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


ICR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


5D 


Sudan 






DK 


Dcnmarlc 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


5G 


Singapore 







wo 99/32212 PCT/US98/25117 

-1- 



WATER FILTRATION METHOD AND APPARATUS 

This application claims the benefit of U.S. 
Provisional Application No. 60/068,124, filed 12/19/97, 
5 entitled WATER FILTRATION METHOD AND APPARATUS, by 

Willard A. Cutler, Kishor P. Gadkaree and Tinghong Tao. 

Background of the Invention 
The present invention relates generally to water 

10 filters and more particularly to a cyst-reduction water 

filter delivering a substantial water flow rate at low 
(gravity-assisted) water pressures. Such filters are of 
particular interest for applications such as gravity flow 
filter cartridges in water carafes. 

15 Gravity flow filtration units continue to gain in 

popularity as consumers become concerned about the quality 
of available drinking water supplies. Carafe gravity flow 
units effectively address, this concern because of their 
relatively low cost and perceived efficiency in removing 

20 unwanted tastes, odors, and harmful pollutants. 

Operation of these units is simple and convenient. 
Water is simply poured into the top of the unit and is 
allowed to trickle through a replaceable .filter cartridge 
to a treated water reservoir for later use. The filter 

25 cartridges are typically packed-bed units containing 

carbon pellets for the removal of adsorbable/catalyzable 
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constituents such as chlorine and organics, and ion 
exchange resins for the removal of metal ions such as 
lead. Bacteriostatic agents such as silver may also be 
present. Although gaining in acceptance, filter units 
5 presently available for use in gravity flow filtration 

systems suffer from a number of disadvantages. Packed bed 
systems typically develop preferential flowpaths within 
the bed, resulting in less than optimal use of the 
available adsorbents and exchange media and 

10 correspondingly decreased purifying effectiveness and 

service life. They also tend to release fine adsorbent 
particles into the treated water during initial use. 

Even- more important to the consumer is the need to 
maintain adequate water flow rates even as designs for 

15 more efficient particle removal are developed- Gravity- 
assisted water flow rates through the filters are quite 
limited even at maximum acceptable filter cartridge sizes. 
Increasing the particle removal efficiency of the 
cartridges would likely involve more tightly packed 

20 filtration media or special membranes, both of which would 

be expected to further reduce gravity flow rates. 
Similarly, commercially available membrane filters capable 
of effective cyst removal do not generally provide rapid 
filtration. Thus, given present commercial flow rate 

25 requirements, no practical way to achieve the removal or 

reduction in concentration of such fine biological 
impurities as cyst particles (<4 micrometers in diameter) 
in a gravity flow filtration environment has yet been 
identified. 

30 Fluid filtration elements comprising plugged 

honeycomb filters are well known in the art. U.S. Patent 
No. 4,329,162 and published European patent application EP 
0745416, for example, describe the use of such filter 
elements for the removal of particulates from vapor, water 

35 and other fluid streams. However, up to the present, no 
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adaptation of such filters has been identified or 
considered which would offer the capability of removing 
very fine particulate biological contaminants such as 
cysts from a water stream while still offering acceptable 
5 water filtration rates under the low pressure (gravity 

feed) conditions found in water carafes. 

Summary of the Invention 
The present invention comprises a water carafe 

10 incorporating a water filter element that is both 

effective for use as a cyst reduction filter and that 
provides water flow rates which, under gravity feed only, 
equal or exceed present commercially available filter 
cartridges. The filter element is a compact microporous 

15 ceramic filter body, optionally incorporating an active 

water treatment coating, which provides a very large 
effective filter area. For purposes of the present 
description the term "microporous" refers to pores on the 
order of microns in size. The large filter area is 

20 provided by the channeled honeycomb configuration of the 

filter, which offers high geometric surface area in a 
small unit. High flow rates are due largely to the 
relatively short water flowpath through the active filter 
material . 

25 In a first aspect, then, the invention includes a 

cyst-reduction water filter which incorporates a cellular 
ceramic honeycomb filter element of a selectively plugged 
channel configuration. The filter element imparts cyst 
reduction performance, by which is meant that it can 

30 exhibit at least 99.95% removal of 3-4 |im particles when 

tested in accordance with NSF Standard 53, Drinking Water 
Treatment Units - HearBh Effects (September 1997). 

All of the water flowpaths through the filter element 
traverse the porous channel walls of the honeycomb, and 

35 the walls can be relatively thin without loss of cyst- 
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reduction characteristics. Consequently, the filter can 
provide a primed water flux of at least about 0.3 
lul/min/cm^ of filter element volume at very low inlet water 
pressures/ i.e. water pressures typical of the water head 

5 pressures attained through gravity feed in commercial 

water carafes. By primed water flux is meant the water 
flux after the filter element has been water-primed, i.e., 
infiltrated with water to an extent sufficient to remove 
trapped air from the pore microstructure of the channel 

10 walls. Water fluxes for unprimed filter elements, or 

primed filter elements which have been re-exposed to air, 
are much lower and not indicative of the performance of 
the filter in use. 

The honeycomb structure of the cyst-reduction filter 

15 element is typically formed of a plurality of channels 

separated by porous channel walls, the channels traversing 
the structure from a filter inlet end to a filter outlet 
end and including a first plurality of channels open only 
at the inlet end and a second, plurality of channels open 

20 only at the outlet end. This selective plugging compels 

all raw water being filtered to traverse the channel walls 
of the honeycomb. 

To achieve the required combination of gravity flow 
and efficient small particle reduction, the porous channel 

25 walls of the filter will exhibit 30-70% by volume of open 
porosity, with the pores being characterized by a median 
pore diameter in the range of about 2-8 micrometers as 
determined by mercury porosimetry. Further, the 
distribution of pore diameters about the median as 

30 determined by this method will be such that pores over 10 
microns in diameter will comprise not more than about 10% 
of the open pore volume of the channel walls. This pore 
size distribution will permit the attainment of primed 
water flux levels of at least about 0.3 ml/min/cm' under a 
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test water pressure of 0.3 psig which is typical of the 
gravity feed environment of water carafes. 

In yet another aspect the invention includes a 
gravity-flow water carafe incorporating a cellular ceramic 
5 honeycomb water filter element of a selectively plugged 

channel configuration as above described. Thus the porous 
walls of the filter will have a median pore diameter of 2- 
8 microns, not more than 10% of pores over 10 microns in 
diameter, and a primed water flux of at least about 0.3 
10 ml/min/cm^ under a water pressure of 0,3 psig. For 

purposes of convenience and design flexibility, the filter 
element will maintain these characteristics while having 
an overall filter element volume not exceeding about 150 
cm'^ . 

15 The gravity-flow water carafe of the invention will 

have a design such that the cellular ceramic honeycomb 
water filter element will remain submerged in water during 
repeated cycles of carafe use, regardless of whether the 
raw water reservoir is full or empty- This is desirable 

20 to avoid exposure of the filter element to ambient air 

after priming in a manner which will re-admit air into the 
pore structure of the filter and thereby necessitate re- 
priming. 

In a further aspect the invention includes a method 
25 for achieving effective and rapid particle (cyst) 

reduction in a raw water feedstream under water pressures 
as low as found in gravity fed systems. By effective 
particle reduction is meant the removal of at least 99.95% 
of 3-4 micrometer (diameter) particles from a raw water 
30 feedstream comprising such particles in a concentration of 

up to 5x10** particles/ml. By rapid particle reduction is 
meant that treated water flux from the filter will be at a 
rate of at least about 0.3 ml/min/cm^ under a filter inlet 
water pressure of 0.3 psig. 



wo 99/32212 



PCTAJS98/25117 



-6- 

The method of the invention comprises passing the raw 
water through a water filter comprising a cellular ceramic 
honeycomb filter element having a selectively plugged 
channel configuration. The filter element comprises 
5 porous channel walls having specified porosity and flow 

characteristics. In particular, the channel walls will 
have a porosity characterized by a median pore diameter of 
2-8 microns, with not more than 10% of the pores being 
over 10 microns in diameter, 

10 It will be recognized that the relatively high 

porosity and channel surface area of these filters are 
important factors for the attainment of high water flux 
values under relatively low water pressures. Entirely 
unexpected/ however, was the discovery that porosity of 

15 this character in a sintered ceramic body would permit 

water-borne particle removal to cyst reduction levels 
notwithstanding the presence of pores significantly larger 
in diameter than the particles being removed. 

20 Description of the Drawing 

The invention may be further understood by reference 
to the drawings wherein: 

Fig. 1 is a mercury porosimetry curve for a first 
ceramic honeycomb filter element according to the 
25 invention; 

Fig. 2 is a mercury porosimetry curve for a second 
ceramic honeycomb filter element according to the 
invention; 

Fig, 3 is a schematic elevational cross-sectional 
30 view of a plugged ceramic honeycomb filter element 
provided in accordance with the invention; 

Fig. 4 plots low-pressure water flow rates through 
two different porous ceramic plugged honeycomb filters 
over a range of geometric surface areas; and 
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Fig. 5 is a schematic illustration of a water carafe 
employing a honeycomb filter element in accordance with 
the invention, 

5 Detailed Description 

The importance of median pore size and pore size 
distribution on filter element performance in accordance 
with the invention is reflected in the fact that many 
ceramic materials exhibiting median pore sizes and/or pore 
10 size distributions outside the ranges deemed operative for 

effective small particle filtration at acceptable gravity 
flow rates can be converted to efficient cyst reduction 
filters through treatments which modify the porosity of 
the channel walls. Specific examples of such treatments 
15 include vapor or liquid coating treatments which can 

deposit coating materials within the pore structure of the 
ceramic wall to reduce channel wall median pore size or 
pore size distribution. 

Of particular interest in this connection are coating 
20 treatments which can deposit active water treating 

materials of controlled coating thickness within the 
microporous structure of the ceramic walls. A particular 
example of such a treatment is that used in the prior art 
for depositing adsorbent activated carbon coatings in the 
25 walls of plugged honeycomb filters. The carbon coatings 

are useful for the removal of undesirable tastes and odors 
and the adsorptive removal of volatile organic pollutants 
from contaminated vapor or liquid streams passing through 
the filter. Published European patent application 
30 EP0745416 discloses such treatments and coatings, and 
others are known. 

Figs. 1 and 2 of the drawing present mercury 
porosimetry curves for uncoated and coated ceramic filter 
elements, respectively, both being useful for cyst 
35 reduction in accordance with the invention. The uncoated 
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filter element characterized in Fig. 1 has porosity 
characteristics imparting effective cyst reduction at 
acceptable gravity water flux levels without the need for 
any' supplemental coatings or other treatments to modify 

5 wall porosity. 

The ceramic filter element used as a starting 
structure for the filter element characterized in Fig, 2 
had a median pore size as originally made which was above 
the range generally found effective for cyst reduction in 

10 accordance with the invention. The application of an 

activated carbon coating to the pore walls of the starting 
structure, however, produced a coated filter element 
having the porosity shown in Fig.. 2. That element 
exhibits both effective cyst reduction and adequate water 

15 flow for use in gravity flow water filtration in 

accordance with the invention. 

While any of the coated or uncoated ceramic filter 
elements employed in accordance with the invention will 
meet at least minimal requirements for water flux under 

20 low pressure conditions, it is desirable for carafe 

applications that the flow rates be as high as possible, 
consistent with adequate particle removal by the filter. 
The actual water flow rate attained for any particular 
filter element will of course depend not only on the 

25 gravity water flux of the porous filter element, but also 

on the volume of filter material available for filtration. 

For purposes of the following description, low 
pressure (gravity) water flux and flow rates are taken to 
be rates determined at a representative water pressure of 

30 0.3 psig.,. substantially equivalent to an 8" water head 

pressure, except where otherwise specifically reported. 
In the plugged honeycomb filters of the invention, flux is 
generally a linear function of water pressure drop across 
the filter, although the rate of increase in flux with 

35 pressure for any particular filter will depend on the 
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geometry and porosity thereof. Thus it will be recognized 
that the use of the filters of the invention for cyst 
reduction applications is not limited to gravity flow 
environments; such filter elements may also be used in 
5 pressurized water filtration systems wherein much higher 
water fluxes can be attained. 

Packed bed filters presently sold for use in gravity 
feed water carafes typically have physical volumes on the 
order of 165 cm^ (10 in^) ; this value is considered to 

10 represent a preferred upper volume limit for ceramic 

filter elements provided in accordance with the invention. 
Total gravity water flow rates through the ceramic filter 
element will preferably be at least 200 ml/min., in order 
to achieve the production of a reasonable quantity of 

15 filtered water in a reasonable time* 

Maintaining physical filter volume within preferred 
limits while still realizing the preferred water flow 
rates requires that water flux values at gravity pressures 
be increased considerably above the minimum acceptable 

20 level. Thus gravity water flux values of at least about 1 

ml/min/cm^ and most preferably at least about 1.5 
ml/min/cm^ are preferred. While there is no upper limit to 
the water flux which would be desirable for a carafe 
application, it is doubtful that effective particle 

25 reduction and adequate water treatment can be achieved at 
water flux values much above about 30 ml/min/cm^. 

Water flux values will vary with both geometric 
surface area and channel wall porosity and thickness. 
Increasing water flux levels in plugged ceramic honeycomb 

30 filters requires increasing filter geometric surface area, 

increasing channel wall" porosity, and/or decreasing 
channel wall thickness. Increasing the porosity and 
decreasing the thickness of the channel walls are of 
limited value in view of the resulting adverse effects on 

35 particle filtration. However, within the limit of 
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preferred filter volume/ a reasonable range of geometric 
surface area, i.e./ the total geometric channel wall area 
of the honeycomb structure, can be covered by changing the 
honeycomb cell density (channels per unit of honeycomb 
5 cross-sectional area) of the ceramic filter element. 

Fig. 3 of the drawing provides a schematic 
illustration in elevational cross-section of a plugged 
ceramic honeycomb filter element of a type known in the 
art which can be specially adapted for use in the 

10 invention- As shown in Fig. 1, filter element 10 may 

operate to treat a stream of water flowing in the 
direction of large arrows 11. Small arrows 12 represent 
water flowpaths through the filter which traverse the 
channel wall separating the raw water inlet channels 14 

15 from the treated water outlet channels 16. 

The effect of filter geometric surface area on water 
flow rate is similar to the effect of inlet water pressure 
thereon. Flux and flow rate generally increase linearly 
with surface area at constant wall porosity, although the 

20 rate of increase varies with filter composition and 

design. Fig. 4 of the drawing plots water flow rate 
versus filter geometric surface area for two different 
plugged ceramic honeycomb compositions. 

For purposes of Fig. 4 and the present description^ 

25 the geometric surface areas reported are the aggregate 
surface areas of the inlet channels of the plugged 
honeycombs (i.e.^ channels 14 in Fig. 3), since this is 
the effective filtration surface area available for water 
filtration. The Type I composition shown in Fig. 4 has a 

30 wall porosity of about 57% and a median pore diameter of 
about 14.4 micrometers as determined by mercury 
porosimetry/ exceeding the median diameters desired for 
effective cyst reduction as hereinabove described. The 
Type II composition has a wall porosiLy of about 40^ and a 

35 median pore diameter of 3.4 micrometers. 
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The geometric surface area and resulting flow rate 
variations shown in Fig, 4 resulted from ceil density 
changes ranging from about 100-400 channels/in2 of 
honeycomb cross-section, and from cell wall thickness 
5 changes over the range of about 0.006-0.025 inches. The 

flow rates shown in Fig. 4 were determined with a 5-inch 
water head pressure drop across the filters, and overall 
filter volumes were maintained at 1.5 in"* throughout these 
tests, 

10 While both cell density and channel wall thickness 

affect geometric surface area and flow rate, wall 
thickness has an additional and independent effect which 
arises from flow impedance through the wall. Typically, 
filter flow will decrease linearly with increases in 

15 channel wall thickness if cell density and channel wall 

porosity remain the same. These wall thickness effects 
are not as large as geometric surface area effects, 
however, at least in the range of wall porosities 
presently required. 

20 Filter evaluations such as shown in Fig. 4 dictate a 

preferred range of filter geometry for .ceramic filter 
elements to be used in gravity flow cyst reduction 
applications. In particular, cell densities in the range 
of about 200-400 channels/in^ of honeycomb cross-section, 

25 and channel wall thicknesses in the range of about 0.01- 
0.025", will generally be preferred. The precise values 
of cell density and wall thickness selected will of course 
depend upon the porosity of the material forming the 
filter and the flow characteristics required in the final 

30 filter. 

The composition of the ceramic material utilized to 
form porous filter elements in accordance with the 
invention is not critical, provided it resists dissolution 
or crher deterioration upon prolonged exposure to water. 

35 Presently preferred are reaction-sintered cordierite or 
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muliite honeycomb bodies of the type disclosed in U.S. 
Patent No. 4,329,162 to Pitcher. These can be made by 
sintering or reaction-sintering an extruded green 
honeycomb made of appropriate- ceramic powders, for 
5 example, powder formulations comprised of muliite or 

muliite precursors such as silica and alumina, or of 
cordierite or cordierite precursors such as kaolin clay, 
talc ^ and alumina. 

As is well known, the pore size and pore size 

10 distribution of such products may be controlled through 

routine variations in mixture composition and firing 
treatment. Thus honeycombs made from other materials such 
as alumina, spinel or the like can be similarly molded or 
extruded and fired. The , production of a porous ceramic 

15 honeycomb body meeting the above-disclosed porosity 

requirements and suitable for direct water filter use, or 
for water filter use after the application of an 
appropriate coating to the interior pore structure of the 
honeycomb, may therefore be accomplished using known 

20 ceramic sintering techniques. 

Examples of coated and uncoated porous ceramic filter 
elements are disclosed in Table I below. These include a 
number of filters meeting the requirements of the 
invention, as well as several comparative filters not 

25 meeting the requirements for effective flow and particle 
removal. Included in Table I for each of the filters 
shown are an identification of ceramic composition type as 
well as the cell density and channel wall thickness of 
each of the elements. Also reported where determined on 

30 individual samples are the percent porosity and median 
pore size of the channel walls, water flux through the 
filter at an indicated water pressure, and particle 
removal results, if obtained. 

The presence or absence of a coating on the ceramic 

35 elements reported in Table I is also indicated; where 
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present such coatings are activated carbon coatings. The 
activated carbon coatings are applied by substantially 
infiltrating the pore structure of the ceramic with a 
phenolic resole resin solution of about 100 centipoises 
5 viscosity, followed by sequential heat treatments to 

carbonize the resin coating and activate the resulting 
carbon coating. This process may be repeated if desired 
until a carbon coating of a selected thickness is built up 
within the pores. 

10 Honeycomb geometries in Table I are given in the 

format D/t, D being cell density reported in channels per 
square inch and t being channel wall thickness in 
thousandths of an inch. Water fluxes are given in the 
format Water Flux @ Head, i.e., the water flux in 

15 ml/min/cm^ of filter volume at a specified water Head 

height in inches. The flux values are based on honeycomb 
physical volume, independent of cell density and surface 
area variations. 

All of the ceramic honeycomb types are extruded, 

20 sintered honeycombs. Examples 1, 6 and 7 are reaction- 
sintered honeycombs formed from a mixture of kaolin clay, 
talc and alumina. The remaining examples are formed of 
pre-reacted or reaction sintered bodies formed of mullite 
or mullite and alumina. The principle difference among 

25 the types resides in differences in median pore diameters 

and pore size distributions in the porous wall of the 
honeycombs as initially made. . 
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Tfihlp T - Hnnpyrnmb P-t 1 fpi^ T?1ompp |-r. 



Sample Ceramic Honeycomb Porosity 
No. Type Geometry (3) 

(D/t) 



Comparative filters" 



Median Water Flux 

Pore @ Head 

Diam. Height (ml/ 

(um) min./cm*) 



Particle 
Removal 



1 A 




200/12 


57 


14.4 


45.8 0 6" 


<99% (e) 


2 B 




300/16 


46 


8.3 


71.9 0 6" 


<99% (e) 


3 C 




300/16 


60 


11.2 


130.6 Q 6" 


<99% (e) 


4 D 




300/16 


64 


6.2 


93.5 e 6" 


<99% (e) 


Inventive 


Cyst 


Reduction 


Filters 








5 E 




200/12 


40 


3.4 


18.3 @ 6" 


99.95% 


6 A 


(c) 


200/28 


41 


5.8 


5.8 0 14" 


99.99 


7 A 


(c) 


200/12 






7.8 0 6" 


99.97 


3 B 


(c) 


300/16 






2.5 0 6" 


99.95 


9 C 


(c) 


300/16 






5.2 0 4.5" 


99.96 


10 D 


(c) 


300/16 






3.8 0 6" 


99.96 



(c) 
(e) 



accivated carbon pore coating 
estimated particle removal rate 



As previously noted, particle removal by filters must 
be 99.95% or better under National Sanitation Foundation 
(NSF) International Standard 53 in order that the filter 
may be certified for cyst reduction use. NSF 
International (Ann Arbor, MI) is an independent ANSI 
certified organization which has defined the present 
industry standard- test for certifying cyst reduction 
performance for drinking water unit's. 

Testing according to NSF Standard 53 (September 1997) 
involves determining the level of reduction of 3- to 4- 
micrometer particles from a raw (challenge) water influent 
stream containing at least -5 x IQ-* particles per milliliter 
by at least 99.95%. The particles may be fine test dust, 
latex beads, or live cysts, and are added to the challenge 
water to achieve >50,000 (5 x 10^ particles/mL of 3- to 4- 
micrometers . 

Water carafe filters are tested under that portion of 
Standard 53 covering batch treatment systems. This 
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involves repeatedly filling the raw water reservoir of the 
carafe with challenge water over an extended test period, 
taking influent and effluent samples for characterization 
at specified intervals. Performance is measured when the 
5 filter is new, and when its water flow rate has decreased 

to 75%, 50% and 25% of the new flow rate. 

As reflected in Table I, conventional plugged ceramic 
honeycomb filters do not generally meet cyst reduction 
requirements under this test. What is required, as 

10 reflected in the data for Sample 6 in Table I and in Fig. 

1 of the drawing plotting the mercury porosimetry curve 
for Sample 6, is a porous channel wall having a median 
pore size and pore size distribution sufficiently fine to 
insure effective particulate removal while still 

15 permitting adequate flow for gravity feed filtration use. 

The data for Sample 7 in Table I, and in Fig. 2 of the 
drawing which is a mercury porosimetry curve for that 
Sample, further shows that filters not initially providing 
porosity effective for the purpose may be converted to 

20 effective filters through appropriate treatment, e.g., 
internal coating, to provide such porosity. Again, 
however, a channel wall porosity effective for particulate 
removal but sufficiently open to insure adequate gravity 
water flow, is necessary, 

25 One illustrative example of a design for a water 

carafe incorporating a filter element offering both fast 
flow and efficient particle removal in accordance with the 
invention is presented schematically in Fig. 5 of the 
drawing. The design of Fig. 5 is for a gravity-flow water 

30 carafe 20 comprising a raw water reservoir 22, a treated 

water reservoir 24 and a filter reservoir 26 through which 
water from the raw water reservoir passes before emptying 
into the treated water reservoir. 

In the carafe design of Fig. 5, the filter reservoir 

35 contains a water filter which is a cyst reduction filter 
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element 10 in the form of a cellular ceramic honeycomb 
body of a selectively plugged channel configuration. That 
filter body incorporates a first plurality of raw water 
inlet channels 14/ a second plurality of treated water 
outlet channels 1-6, and an interconnecting network of 
porous channel walls 18 separating the inlet channels from 
the outlet channels. 

For the purpose of maintaining water contact with 
channel walls 18 of the filter element, filter reservoir 
26 and its water inlet check valve 28 are adapted to 
retain within reservoir 26 a quantity of raw water 
sufficient to fill inlet channels 14 and a quantity of 
treated water sufficient to fill outlet channels 16 of 
filter element 10, even when both the raw water reservoir 
and the treated water reservoir are empty. This design 
prevents air access to channel wall 18 which, if 
permitted, might require the re-priming of filter element 
10 in order to re-establish the fast gravity flow 
characteristics thereof . 
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We claim: 

1. A cyst-reduction water filter: 

incorporating a cellular ceramic honeycomb filter 
5 element of a selectively plugged channel configuration 

wherein all water filtration paths traverse porous channel 
walls; 

exhibiting at least 99,95% removal of 3-4 lim 
particles when tested in accordance with NSF Standard 53, 
10 Drinking Water Treatment Units - Health Effects; and 

providing a primed water flux of at least about 0.3 
ml/min/cm^ of filter element volume at an inlet water 
pressure of 0.3 psig. 

15 2. A cyst-reduction water filter in accordance with claim 

1 wherein the filter element provides a primed water flux 
in the range of 1.5 - 30 ml/min/cm^ at < 0.3 psig and has a 
volume not exceeding about 150 cm\ 

20 3. A ceramic cyst reduction water filter element: 

having a honeycomb structure comprising a plurality 
of channels separated by porous channel walls, the 
channels traversing the structure from a filter inlet end 
to a filter outlet end and including a first plurality of 
25 channels open only at the inlet end and a second plurality 
of channels open only at the outlet end; 

wherein the porous channel walls exhibit open 
porosity characterized by a median pore diameter in the 
range of about 2-8 micrometers wherein pores over 10 
30 microns in diameter comprise not more than 10% of the open 
pore volume; and 

having a primed water flux of at least 0.3 ml/min/cm^ 
under a water pressure of 0,3 psig. 
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4» A ceramic cyst reduction water filter element in 
accordance with claim 3 which has a volume not exceeding 
70cm\ 



.5 5. A ceramic cyst reduction water filter element in 

accordance with claim 3 wherein filter element has channel 
wall thickness in the range of about 0.010-0.025". 

6. A ceramic cyst reduction water filter element in 
10 accordance with claim 3 wherein filter element has 

geometric surface area in the range of . about 60-360 cm^. 

7. A ceramic cyst reduction water filter element in 
accordance with claim 3 wherein the pores support a 

15 coating of activated carbon. 

8. A filtration method for achieving at least 99.95% 
reduction of 3-4 micrometer (diameter) particles present 
in a raw water feed stream traversing a filter element at 

20 a water flux of at least about 0.3 ml/min/cm^ of filter 

volume and at water pressure not exceeding about (8" head 
pressure) which comprises providing as the filter element 
a plugged porous ceramic honeycomb filter having: 

a pore size distribution comprising not more than 10 
25 of pore volume over 10 microns in size, and 

a median pore diameter in the range of about 2-8 
micrometers. 

9- A filtration method in accordance with claim 8 wherein 
30 the filter element has a volume not exceeding about 150 
cm^. 



35 



10. A filtration method in accordance with claim 8 
wherein the water flux is in the range of about 1.5-30 
ml/min/cm-^ 
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11. A filtration method in accordance with claim 8 wherein 
the water pressure does not exceed (8" water head 
pressure) . 

5 12. A gravity-flow water carafe incorporating a cyst 

reduction filter element in accordance with, claim 3, 

13, A gravity-flow water carafe comprising: 
a raw water reservoir; 

10 a treated water reservoir; 

a filter reservoir containing a water filter; 
the water filter comprising a cyst reduction filter 

element in the form of a cellular ceramic honeycomb 
body of a selectively plugged channel configuration, 

15 said body incorporating a first plurality of raw 

water inlet channels, a second plurality of treated 
water outlet channels, and an interconnecting network 
of porous channel walls separating the inlet channels 
from the outlet channels; 

20 the filter reservoir being adapted to retain a quantity of 

raw water sufficient to fill the inlet channels and a 
quantity of treated water sufficient to fill the 
outlet channels of the honeycomb body when both the 
raw water reservoir and the treated water reservoir 

25 are empty. 
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